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(57) Abstract 

A method iraplemcntcd on a computer system for enhanc- 
ing perfomiancc of an integrated circuit design verification sys- 
tem, (he computer system having a memory including a circuit 
design, the circuit design inchiding a base layer, a first layer, a 
second layer, a first derived layer, and a second derived layer, the 
first derived layer defined in response to operation between ttie 
base layer and the first layer, the second derived layer defines 
in response to an operation between the second layer and the 
first derived layer, includes the steps of retrieving the first layer 
&om the memory (340). the first layer located within the base 
layer, deriving a negative first derived layer in response to the 
firet layer (350), the negative first derived layer being a negative 
domain it^iesentation of the first derived layer, and verifying 
the circuit design in response to the negative first derived layer 
(360). 
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METHOD AND APPARATUS FOR ENHANCING PERFORMANCE OF DESIGN 

VERIFICATION SYSTEMS 

BACKGROUND OF THE INVENTION 

The present invention relates generally to design verification systems, 
and more specifically to integrated circuit (IC) mask verification systems. 



10 Mask iaver Design Verification 

The fabrication of integrated ckcuits (IC) is dependent upon the creation 
of a set of "masks" used during the fabrication process. Each mask in the set 
represents a different step m the fabrication, typically addition or deletion of material. 
A digitized representation of an image of a mask is conmtonly called a "mask layer" or 

15 simply a "layer". Each layer is comprised of a set of geometric shapes representing 
die desired configuration of materials such as meiai, polysilicon, or substrate in a 
finished IC. For exan^le, layers can represent tiie deposition of mml, or die etchu^ 
away of resistive material between two layers of metal so tiiat a "via" is opened, 

Conuneicially available software products perform tests on the layers, 

20 such as testing die veracity of a set of "design rules/ with operations known as "design 
rule checks" (DRCs). One or more DRCs are applied to the geometric shapes of each 
layer, directiy by measuring die shapes and tiieir relationships, or indirectiy by creating 
intermediate layers (also known as "derived layers"). Derived layers often are more 
amenable to design rule checking tiian die original layers, and can be used in die 

25 creation of subsequent derived layers. 

Typically, derived layers are created usmg "scan line" algorithms which 
are well known to one skilled in the an. Scan line algorithms are based upon using 
edges of geometric objects witiun a layer to determine where two layers overlap or how 
far apart die geometric objects are. Dependmg upon die operation, such as an AND or 
30 an OR, etc., die overlap will have different significance to the layer derived fitom flie 
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combination. Conventional pixel by pixel operations between layers is not typically 
performed because of the high pixel resolution typically used. For example, in a layer, 
every micron may be represented by approximately one thousand pixels, thus for every 
square micron in a layer, about one million operations would have to be performed. 

5 Scan luie and other algorithms reduce the number of operations required. 

The number of geometric shapes needed to represent an unage of an 
advanced IC is in the hundreds of millions, or billions, and is clunbhig with advancing 
fabrication technology. As a result, methods are being created to reduce the amount of 
data processing needed for designing IC*s and for performing DRC and other 

10 verification-related tasks. One such method is ^^hierarchical analysis% m which the 
"cells" of a design are verified individually within a cell context. The foil "flat" 
representation of the IC, however, is typically not checked during the design phase nor 
the verification phase of the IC's creation. 

15 Layer Operations 

In the hierarchical DRC of a design, one unportant step is the 
deternunation and assessment of the interrelationships among cells that are referenced 
by at least one common ancestor. Such cells are called the "progeny** of that ancestor, 
for convenience. Part of the determmation of the relationships among progeny mvolves 

20 dealmgwitbtheoverlapandabutmentof shapes in the progeny. When progeny 

overlap or abut (or ate even "too close") then the shapes in them may overlap (or abut 
or be too dose) and the effects of this relationship must be evaluated with respect to 
the design rules being tested. A base layer (substrate) is, by definition, "everywhere" 
on the chip. It is the base material upon which all other materials are deposited m the 

25 feibrication of an IC, thus the base layer exists in overlappmg or abutting progeny by 
definition. 

"Layer operations" on original layers are well-understood by those 
mvolved in IC verification using scan line and other processing methods. It is also 
well-known and understood that certain operations involving the base layer resuk in 
30 highly complex layer representations because the base layer is "everywhere." For 
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example, when the computer derives a "derived layer" according to the rule "baseLayer 
AND NOT someLayer", the result is a large polygon with "holes** in all locations 
occupied by someLayer. If someLayer is complex, the derived layer typically is even 
more complex. Deriving other layers from previously derived, complex layers 
5 typically results in even more complexity. This increase in complexity impacts the 
user by increasing the amount of computer processmg time required for design 
verification 

Two exemplary classes of operations involved in the design-rule 
verification of IC mask sets are a logical "AND NOT" operation and a logical 
10 exclusive OR ("XOR") operation. These operations have the effect of "subtracting- 
one set of shapes from another set of diapes. For example: layer 3 = layer 1 AND 
NOT layer 2 results in layer 3 being equal to layer 1 with oj^nings where layer 2 is 
present. 

15 Illustration 

Figs 1 A-E Ulustrate sample mask layers that are used for production of a 
MOS transistor. Fig. 1 A illustrates a base layer 10 of a substrate 20 that is of interest 
in a circuit. Fig. IB illustrates a mask layer 40 ttet is used to define where a gate 
oxide 50 is to be defined. Fig. IC illustrates a mask layer 70 that is used to define 

20 where self-aligning source and drain regions 80 are to be located. Fig. ID illustrates a 
mask layer 100 that is used to define contact points 110 to the MOS transistor. Fig. 
IE illustrates a mask layer 130 diat is used to define contacts 140 for the MOS 
transistor. In the figures, the shaded regions represent the existence of material 
whereas the un-shaded regions represent the absence of material. In Figs. IB and IE, 

25 base layer 10 is shown in dotted lines for comparison purposes. 

Fig. 2 illustrates a result of a typical AND NOT logical operation 
between mask layers. Fig. 2 includes a derived mask layer 160 including an opening 
170. As can be easily seen, derived mask layer 160 is derived from the logical AND 
NOT operation of base layer 10 and gate oxide 50 of mask layer 40. 

30 Fig, 3 illustrates a result of a typical OR logical operation between mask 
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layers. Fig. 3 includes a derived mask layer 190 including opening 200. As can be 
easily seen, derived mask layer 190 is derived from the logical OR operation between 
derived mask layer 160 and mask layer 100. In this example, opening 200 represents 
the metal connect for the gate of the MOS transistor. 

5 

What is needed are methods and apparatus which reduce computer 
processing time for design verification of IC designs. 

SUMMARY OF THE INVENTION 
10 The present invention provides methods and apparatus for enhancing 

performance of design verification systems. 

Acconiing to a preferred embodiment of the present invention a method 
implemented on a computer system for enhancing performance of an integrated circuit 
design verification system includes the steps of retrieving a first layer from a memory, 
15 the first layer located whhin a base layer, and deriving a negative derived layer in 

response to the first layer, the negative derived layer being an inverse representation of 
a derived layer. The method also include the step of verifying the circuit design m 
response to the negative derived layer. 

Accordii^ to another embodiment of the present invention a computer 
20 system is configured to enhance performance of an integrated circuit design verification 
system, the computer system includes a memory inclining a cncuit design, the circuit 
design including a base layer, a first mask layer, a second mask layer, a first derived 
layer, and a second derived layer, the first derived layer defined in response to an 
operation between the base layer and the first mask layer and the second derived layer 
25 defined in response to an operation between the second mask layer and the first derived 
layer, and a retriever for retrieving the first layer from the memory, the first layer 
located within the base layer. The computer system also includes a deriver for deriving 
a negative first derived layer m response to the first layer, the negative first derived 
layer being an inverse of the first derived layer, and a verifier for verifying the circuit 
30 design in response to the negative first derived layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
In order to more ftilly understand the present invention, reference is 
made to the accompanying drawings. Understanding that these drawings are not to be 
considered limitations in the scope of the invention, the presently preferred 
5 embodiments and the presendy understood best mode of the mvention are described 
with additional detail through use of the accompanying drawings in which: 

Figs 1A*E illustrate sample mask layers that are used for production of a 
MOS transistor; 

Fig. 2 iUustratBs a result of a typical AND NOT logical operation 

10 between mask layers; 

Fig. 3 illustrates a result of a typical OR logical operation between mask 

layers; 

Fig. 4 is a block diagram of a system according to a preferred 
embodiment of the present invention; 
IS Fig. 5 illustrates a flow diagram of the preferred embodiment of tbe 

present invention; 

Fig. 6 iUustrates an example of the method disclosed in Fig. 5; 
Figs. 7a-c illustrate the concept of complexion as applied to a mask layer 
algorithm based upon trapezoidal sh2q)es; and 
20 Fig. 8 illustrates a further exan^Ie of tbe present invention. 

DETAILED DESCRIPTION 

gystem Configuration 

I^g. 4 is a block diagram of a system 220 according to a prefened 

25 embodiment of the present invention. System 220 includes, preferably, a display 
monitor 230, a computer 240, a keyboard 250, a mouse 260, and a modem 270. 
Computer 240 includes familiar computer components such as a processor 280, 
memory storage devices such as a random access memory (RAM) 290 and a disk drive 
300, and a system bus 310, interconnecting the above components. Mouse 260 is but 

30 one example of a graphical input device; a trackball is anodier example. Modem 270 
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is but one example of a device enabling system 220 to be coupled to a network; a 
network interface card is another example. RAM 290 and disk drive 300 are 
examples of computer-readable memory (tangible media) for storage of the herein 
described computer code and computer programs; other types of computer-readable 
5 media include floppy disks, removable hard disks, optical storage media such as CD- 
ROMS and bar codes, and semiconductor memories such as flash memory and read- 

Qnly-memories (ROMs). 

In a preferred embodiment, system 220 includes an UltraSparc 
computer running the Solaris operating system from Sun Microsystems of Sunnyvale, 
10 California and Vampire software from Cadence Design Systems, Inc. 

Fig. 4 is representative of but one type of system for embodyii^ the 
present invemion. It wHl be readily apparent to one of ordinary skiU in die art that 
many system types and hardware and software configurations induding more or 
fewer components are suitable for use in conjunction with the present invention, sm* 
15 as an HP-755/125 computer from Hewlett-Packard Corporation. 



p^jif^pt^H" nf PrefyTf^rf F-mbodiment 

In the preferred anbodiment of the present invention a physical lay-out 
of a circuit design is imtially resident in a memory storage device in a computer 
20 systan. A typical circuit design includes layers or images of masks that are used for 
production purposes within a particular region in a substrate. The particular region 
may or may not span an entfre substrate, thus preferably the term "base layer" will be 
used herein. For example, a base layer may span ao entire semiconductor substrate 
region of a circuit design, the base layer may span only a portion of the 
25 semiconductor substrate region where a particular circuit "cell" of interest is being 
verified, or the base layer may span portions of the semiconductor substrate region 
where particular circuit "cells" of interest are being verified, etc. 

In the present example, a circuit design including a base layer, a first 
layer, and a second layer is provided. Based upon these layers, a design verification 
30 system determines that a first derived layer should be formed by the combination of 
the base layer and a first layer, and a second derived layer should be formed by a 
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combination of the first derived layer and a second layer. Exemplary combinations of 
the base layer and the first layer are AND NOT and XOR. 

Fig. 5 illustrates a flow diagram of the preferred embodiment of the 
present invention. In the preferred embodiment, a circuit design includes a base layer 

5 ai^ a first layer. 

Ihttially the first layer ha^g geometric shapes resident within the base 
layer are retrieved from memwy, step 340. Next, the coiiq)mer then derives a 
negative domain representation of a derived layer, step 350. In the preferred 
embodiment of the present invention, the negative domain representation, a negative 

10 derived layer, is set equal to tiie first layer when a logical ANDNOT or XOR operation 
is required between the base layer and a first layer. 

The negative derived layer is a "negative domain" rqiresentation of a 
derived layer. For example, where the derived layer exists the negative derived layer 
does not exist, and vice versa. In the preferred embodiment of tiie present invention, 

15 the derived layer is said to reside in the "positive" domain, tiie negative derived layer 
resides m the "negative" domain. 

Next, given that a negative derived layer was calculated, instead of 
conventionally only ttie derived layer, flie computer verifies tiic circuit design in 
response to tiie negative derived layer, step 360. In otiier words, the circuit design is 

20 verified using flie layer derived in ttie "negative" domain. Because certain layers in tiie 
negative domain arc lower in complexity timn layers in tiie positive domain, 
calculations based upon layers in tiie negative domain are fester tiian calculations based 
upon tiie layers in tiie positive dwnain. Verification of flie circuit design is tiius 
enhanced. 

25 Fig. 6 ilhistrates an example of tiie mediod disclosed in Fig. 5. Fig. 6 

inchides a first layer 370 including portion 380, similar to Fig. IB, and a negative 
derived layer 390 including portion 400. According to tiie metiiod in Fig. 5, when ttie 
logical combination of a base layer (not shown) ANDNOT first layer 370 is required to 
form a derived layer, tiie negative derived layer 390 is formed instead. Here, negative 

30 derived layer 390 is equal to first layer 370. In Fig. 5, tiie outiine of tiie portion of 
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interest is shown for convenience. 

As was illustrated in Fig. 2, derived layer 160 was derived from the 
logical combination of base layer 10 in Fig. lA AND NOT layer 40 in Fig. IB. 
Comparing negative derived layer 390 in Fig. 6 to derived layer 160 m Fig. 2, it can 
5 be readily seen that negative derived layer 390 is less "complex*" (as will be defmed) 
than derived layer 160. Because there is less complexi^, negative derived layer 390 
may be used to verify the circuit design more efficiently than derived layer 160. 

Complexity can be defined in terms of the number of "edges** present in 
each layer in light of the fact that edges are used for scan line algorithms, as previously 
10 mentioned. For example, negative derived layer 390 has 4 edges (the perimeter of 
portion 400), and derived layer 160 has 8 edges (tte perimeter and opening 170). 
Another calculation of complexity may be the length of edges in die derived layers. 
For example negative derived layer 390 would have a length equal to the perimeter of 
portion 400 whereas derived layer 160 would have a length equal to the perimeter of 
IS derived layer 160 plus the perimeter of opening 170. 

Other measures of complexity are easily foreseeable based upon the 
different algorithms used. For example, one alternative to operating upon edges (usmg 
scan-line algorithms), is operating upon trapezoidal shapes and dividing layers up mto 
trapezoidal shapes. Usmg this alternative, complexity is measured m terms of die 
20 number of trapezoids hi a layer, as illustrated below. 

Figs. 7a-c illustrate the concept of complexity as sopited to a mask layer 
algoridmi based upon trapezoidal shapes. Fig. 7a illustrates trapezoids representing 
layer base layer 10 in Fig. lA. Fig. 7a includes two trapezoids 420 and 430. Fig. 7b 
illustrates trapezoids representing derived layer 160 in Fig. 2. Fig. 7b mchides five 
25 trapezoids 440. 450, 460, 470, and 480. Fig. 7c illustrates trapezoids representing 
negative derived layer 390 m Fig. 6. Fig. 7c includes one trapezoid 490, Comparing 
Figs. 7b and 7c, it can be seen that calculations based in the negative domain have 
approximately a five-fold decrease in complexity as compared to the positive domam. 
In practice, there has been significant improvement in the speed of 
30 design verification. It is believed that the preferred embodiment of the present 
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invention, described herein, is attributable to the decrease in the complexity of the 
mask layers used for design rule checking. 

Fig. 8 illustrates a further example of the present invention. Fig. 8 
illustrates a negative derived layer 510, a negative layer 520, and a negative derived 
5 layer 530. 

In the present example^ negative derived layer 530 is the negative 
domaitt representation of derived layer 190. As was ilhistrated in Fig. 3, derived layer 
190 was derived from the logical combination of derived layer 160 OR layer 100 in 
Fig. ID. Comparing negative derived layer 530 in Fig. 8 to derived layer 190 in Fig. 
10 3, it can be readily seen that negative derived layer 530 is also less "complex" than 
derived layer 190 (as defined above). Because thwe is less complexity, negative 
secomi derived layer 530 may also be used to verify the circuit design more efficientiy 
dian derived layer 190. 

In Fig. 8, negative derived layer 530 is formed by performing 
15 calculations within the iwgative domain. Negative derived layer 510, for example is 
formed from the logical combination of base layer 10 AND NOT 40 as was illustrated 
in Fig. 6, and negative layer 520 is the Mgative domain representation of layer 100 in 
Fig. ID. The logical combination of derived layer 160 OR layer 100 is a positive 
domain representation, and the logical combination of neptive derived layer 510 AND 
20 negative layer 520 is a negative domain representation. 

Thus, Fig. 8 illustrates that performing design rule checking within "die 
negative domain" is advantageous often when the complexity of the negative domain 
representation is less than die complexity of die corresponding "normal" or "positive" 
layer or derived layer. In die preferred embodiment, die user does not calculate bodi a 
25 positive domain xeptesentation and a negative domain representation for each operation, 
instead die domain is determined preferably aaording to which domain die operands 
happen to be calculated in. 

Conventional DRC operations are typically performed in die positive 
domain and typically avoid die negative domain. Because users do not typically diink 
30 in die negative domain, die conversion from positive to negative domain using the 
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described methods, is performed traBsparently to the user. Examples of this arc 
described below: 

In the following examples, A, B, and C are mask layers: 
If the DRC requires C = B ANDNOT A» and B has only been 
5 calculated in the negative domain (B"^), using known logical manipulation, (C in the 
negative domain) ^ OR A. Similarly if A has only been calculated in the negative 
domain (A*^), using known logical manipulation, C (C in the positive domain) » B 
AND A*. Further if A and B are only calculated in the negative domain (A* and B*), 
using known logical manipulation, C = A* ANDNOT B*. In die first case only C* is 
10 calculated^ as a result, subsequent layers derived from C are transparendy manipula^ 
to be derived from C*; in the last two cases C is calculated so that subsequent layers 
derived from C are unaffected. 

If the DRC requires C = B OR A, and B has only been calculated in the 
negative domain (B*), using known logical manipulation, C* (C m the negative 
15 domain) = B* ANDNOT A. Similarly if A has only been calculated in the negative 
domain (A*), using known logical manipulation, C* (C in the negative domam) = A* 
ANDNOT B. Furdier if A and B are only calculated in the negative domain (A"^ and 
B*), using known logical manipulation, C = A* AND B*. In all three cases only C* 
is calculated, as a result, layers derived from C are transparently manipulated to be 
20 derived from C*. 

If the DRC requires C » B AND A, and B has only been calculated m 
the negative domain (B*^), using known logical manipulation, C (Gin the positive 
domain) = A ANDNOT B*. Similarly if A has only been calculated in the negative 
domain (A*), using known logical manipulation, C (C in the positive domain) = B 
25 ANDNOT A*, Further if A and B are only calculated in the negative domain (A* and 
B*)» using known logical manipulation, C = A* OR B*. In the first two cases C is 
calculated so that subsequent layers derived from C are unaffected; in the last case only 
C* is calculated, as a result, subsequent layers derived from C are transparently 
manipulated to be derived from C*. 
30 If the DRC requires C - B XOR A, and B has only been calculated in 



PCTyUS97/a5443 



11 

the negative domain (B*), using known logical manipulation, C* (C in the negative 
domain) = (A ANDNOT B*) OR (B* ANDNOT A). SimUariy if A has only been 
calculated in the negative domain (A*), using known logical manipulation, C* (C in the 
negative domain) = (A* ANDNOT B) OR (B ANDNOT A*). Further if A and B are 
5 only calculated in the negative domain (A* and B*), using known logical manipulation. 
C* (C in the negative domam) = (A* ANDNOT B*) OR (B* ANDNOT A*). In all 
three cases only C* is calculated, as a result, subsequent layers derived from C are 
transparently manipulated to be derived from C*. 

10 Conclusion 

In the foregoing specification, the invention has been described with 
reference to specific exemplary embodiments thereof. Many changes or modifications 
are readily envisioned. For example, not only boolean Oogical) operations lend 
tiiemselves to this technique. Other operations such as a first layers "insideness" witii 

15 respect to a second layer can be performed in die negative domain by testing tiie 
"outsideness'* of die first layer with respect to die "negative" of ttic second layer; as 
well as testing for "abutment" 

The specification and drawings are, accordingly, to be regarded in an 
illustrative latiier than in a restrictive sense. It will, however, be evident that various 

20 modifications and changes may be made thereunto wiAout departing from flie broader 
spirit and scope of the invention as set fortii m the claims. 
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What is claimed: 



1 LA method implemented on a computer system for enhancing 

2 perfonnance of an integrated circuit design verification system, the computer system 

3 having a memory including a circuit design, the circuit design including a base layer, a 

4 first layer, a second layer, a first derived layer, and a second derived layer, the first 

5 derived layer defmed in response to an operation between the base layer and the first 

6 layer, the second derived layer defined in re^onse to an operation between the second 

7 layer and the first derived layer, the method comprising the stq>s of: 

8 retrieving the furst layer from the memory, the first layer located withm 

9 the base layer, 

10 deriving a negative first derived layer in response to the first layer, the 

11 negative first derived layer being a negative domain representation of the first derived 

12 layer; and 

13 verifying the circuit design in response to the negative first derived 

14 layer. 

1 2. Ttie method of claim 1, farther comprismg the steps of: 

2 retrievmg the second layer from the memory, the second layer located 

3 within the base layer; 

4 derivmg the second derived layer in re^nse to the negative first derived 

5 layer and the second layer, and 

6 verifying the circuit design in response to ttie second derived layer. 

1 3. The method of claim 1 , further comprising the steps of: 

2 retrieving the second layer from the memory, the second layer located 

3 withm the base layer, 

4 deriving the negative second derived layer m response to the negative 

5 first derived layer and the second layer* and 

6 verifying the circuit design in response to the negative second derived 

7 layer. 
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1 4. The method of claim 1 , wherein the circuit design also includes a 

2 plurality of derived layers defined in response to the first derived layer, the method 

3 further comprising the step of: 

4 deriving the plurality of derived layers in response to the negative first 

5 derived layer, when a complexity of the first derived layer exceeds a complexity of the 

6 negative first derived layer; and 

7 verifying the cucuit design in response to the plurality of derived layers. 

1 5. The method of claim 4, wherem the complexity of the image of 

2 the negative first derived layer is calculated in response to a sum of edge lengths in the 

3 negative first derived layer, and 

4 wherein the complexity of the image of the first derived layer is 

5 calculated in response to a number of edges in the first derived layer. 

1 6. The method of claim 4, wherein the complexity of the image of 

2 the negative first derived layer is calculated in response to a number of trapezoids 

3 makmg-up the negative first derived layer; and 

4 wherein the complexity of the image of the first derived layer is 

5 calculated m response to a nuniber of trapezoids makmg*up the first derived layer. 

1 7. The method of claim 1 , wherein the operation between the base 

2 layer and the first layer is chosen from the set: AND NOT, XOR and INSIDENESS. 

1 8. A compute system including a con^uter program for enhancing 

2 performance of an integrated circuit design verification system, die computer system 

3 comprising: 

4 a computer*readable memory including: 

5 a circuit design mcluding a base layer, a furst layer and a second 

6 layer within the base layer, a first derived layer, and a second derived layer, the 

7 first derived layer defined in response to a combination of the base layer and the 
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8 first layer and the second derived layer defined in response to an operation 

9 between the second layer and the first derived layer; 

10 code that retrieves the fu:st layer; 

11 code that derives a negative first derived layer in response to the 

12 first layer, the negative first derived layer being a negative domain 

13 representation of the first derived layer; and 

14 code that verifies the circuit design in response to the negative 

15 first derived layer. 

1 9. The computer system of claim 8, wherein the computer-readable 

2 memory also inchides: 

3 code that retrieves the second layer from the memory, the second layer 

4 located wilhm the base layer; 

5 code that derives the second derived layer in response to the negative 

6 first derived layer and the second layer, and 

7 code that verifies the circuit design ui response to the second derived 

8 layer. 

1 10. The computer system of claun 8» wherem the computer-readable 

2 memory also iiu^ludes: 

3 code that retrieves die second layer from the memory, the second layer 

4 located within the base layer; 

5 code that derives the negative second derived layer in response to die 

6 negative first derived layer and the second layer, and 

7 code that verifies the circuit design in response to the negative secoiKi 

8 derived layer. 

1 1 L The computer system of clahn 8, wherein the circnit design also 

2 inchides a phirality of derived layers defined m response to the fust derived layer; and 

3 wherein the computer-readable memory also includes: 
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4 code that derives the plurality of derived layers in response to the 

5 negative first derived layer, when a complexity of the first derived layer exceeds 

6 a complexity of the negative first derived layer; and 

7 code that verifies the circuit design in response to the plurality of 
g derived layers. 

1 12. The computer system of claim 9 wherein the code that detenmnes 

2 a complexi^ bciudes: 

3 code that calculates a number of edges in the negative first derived layer, 

4 and 

5 code that calculates a number of edges in the first derived layer. 

1 13. The computer system of claim 9 wherein the code that determines 

2 the complexities inchides: 

3 code that calculates a number of trapezoids that make-up the negative 

4 first derived layer; and 

5 code that calculates a number of trapezoids that make-up the first derived 

6 layer. 

1 14. The method of claim 8, wherein the operation between the base 

2 layer and the first layer is chosen from the set: AND NOT, XOR, and INSIDENESS. 

1 15. A computer system configured to enhance performance of an 

2 mtegrated circuit design verification system, the' computer system comprising: 

3 a memory including a circuit design, the circuit design includmg a base 

4 layer, a first mask layer, a second mask layer, a first derived layer, and a second 

5 derived layer, the first derived layer defmed in response to an operation between the 

6 base layer and the fnrst mask layer and the second derived layer defined m response to 

7 an operation between the second mask layer and the fust derived layer; 

8 a retriever for retrievmg die first layer from the memory, the fnst layer 
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9 located within the base layer; 

10 a deriver for derivmg a negative first derived layer in response to the 

11 first layer, the negative first derived layer being a negative domam representation of 

12 the first derived layer; and 

13 a verifier for verifying the circuit design in response to the negative first 

14 derived layer. 

1 16. The computer system of claim IS, further comprising: 

2 a retriever for retrieving the second layer from the memory» the second 

3 layer located within the base layer; 

4 a deriver for deriving the second derived layer in response to the 

5 negative first derived layer and the second layer and 

6 a verifier for verifying the circuit design in response to the second 

7 derived layer. 

1 17. The computer system of claim IS, further comprising: 

2 a retriever for retrieving tfie second layer from the memory, the second 

3 layer located within die base layer; 

4 a deriver for derivmg a negative second derived layer in response to the 

5 negative first derived layer and the second layer and 

6 a verifier for verifying the circuit design in response to the negative 

7 second derived layer. 

1 18. The computer system of claim 15, wherein the circuit design also 

2 includes a plurality of derived layers defined in refuse to the first derived layer, the 

3 computer system further comprising: 

4 a deriver for deriving the plurality of derived layers in response to the 

5 negative first derived layer, when a complexity of tite first derived layer exceeds a 

6 complexity of tfie negative first derived layer; and 

7 a verifier for verifymg the circuit design in response to the plurality of 
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8 derived layers. 

1 19. The computer system of claim 16. wherein the computer system 

2 further comprises: 

3 a calculator for calculating a sum of edge lengths in the negative fmt 

4 derived layer; and 

5 a calculator for calculating a sum of edge lengths in the first derived 

6 layer. 

1 20, The computer system of claim 16, wherein the computer system 

2 further comprises: 

3 a calculator for calculating a number of trapezoids makmg-up the 

4 negative first derived layer; and 

5 a calculator for calculatmg a number of trapezoids making-up the first 

6 derived layer. 

1 21 . The conq)uter system of claim 15 , wherein the operation between 

2 the base layer and the first layer is chosen from the set: AND NOT, XOR, and 

3 mSIDENESS. 

1 22. A circuit based upon a circuit design verified in accordance to the 

2 method claimed in claim 1. 



1 
2 



23. An apparatus having a circuit based upon a circuit design verified 
in accordance to the method claimed in claim I. 
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